Introduction {#S0001}
============

Gliomas, accounting for approximately 40% of all intracranial tumors, are the most frequently diagnosed primary tumors in the central nervous system.[@CIT0001]--[@CIT0003] About 13,000 glioma-related deaths are estimated to occur annually in the US.[@CIT0004],[@CIT0005] According to the criteria of the World Health Organization (WHO), gliomas are categorized as grade I--IV.[@CIT0006] Glioblastoma multiforme (GBM), also known as WHO grade IV glioma, is the most common and aggressive sub-type of primary brain tumors, with a median survival of merely 12--15 months.[@CIT0007],[@CIT0008] Despite significant progress in the diagnosis and treatment over the past several decades, the long-term prognosis of glioma patients remains very unfavorable. To date, effective therapeutic options for glioma are still limited. Hence, it is imperative to illuminate the molecular mechanisms of gliomagenesis and develop novel therapeutic strategies.

MicroRNAs (miRNAs) are a large group of endogenously expressed, evolutionarily conserved, and small non-coding RNA molecules with sizes of 17\~25 nucleotides.[@CIT0009],[@CIT0010] Evidence is accumulating that miRNAs could exercise their post-transcriptional regulatory roles by directly binding to the 3ʹ-untranslated region (3ʹUTR) of corresponding target messenger RNAs (mRNAs) in a sequence-specific manner.[@CIT0011]--[@CIT0013] Mounting evidence has demonstrated that the aberrant expression of miRNAs triggers tumorigenesis and tumor progression of a wide range of human malignancies.[@CIT0014]--[@CIT0016] Recent studies have identified miR-410-3p, a novel cancer-related miRNA, as a tumor suppressor in human breast cancer and pancreatic ductal adenocarcinoma.[@CIT0017],[@CIT0018] Nonetheless, the biological role of miR-410-3p in glioma is still poorly understood.

Numerous studies reveal that up-regulation of oncogenic genes triggers leads to human carcinogenesis and cancer progression.[@CIT0019]--[@CIT0021] It is well documented that Ras-related protein 1 (RAP1) is a member of the Ras oncogene family and acts like a crucial molecular switch in signal transduction.[@CIT0022],[@CIT0023] Previous studies showed that RAP1A, an isoform of RAP1, was frequently up-regulated and contributed to carcinogenesis and progression in multiple types of human malignant tumors, such as non-small cell lung cancer, esophageal squamous cell carcinoma, and ovarian cancer.[@CIT0024]--[@CIT0026]

In the current study, we found that miR-410-3p was significantly down-regulated in glioma tissues compared with matched non-tumorous tissues, and that its decreased expression was associated with poor prognosis. Functional investigations demonstrated that miR-410-3p suppressed glioma cell proliferation, migration, and invasion, and facilitated apoptosis. Mechanistic investigations revealed that miR-410-3p executed its tumor-suppressing functions in glioma via directly targeting RAP1A. Collectively, these findings may provide some evidence for miR-410-3p as a candidate therapeutic target in human glioma.

Materials and methods {#S0002}
=====================

Patients and tissue specimens {#S0002-S2001}
-----------------------------

A total of 56 patients who were pathologically diagnosed with glioma and underwent surgical resection were recruited from Taihe Hospital Affiliated to Hubei University of Medicine (Shiyan, China) between January 2008 and November 2014. None of patients underwent chemotherapy or radiotherapy before surgery. Cancerous tissues were collected from 56 recruited glioma patients. Fresh normal non-neoplastic brain tissues were obtained from 56 donors who were injured in road traffic accidents. Glioma tissues and normal brain tissues were reviewed and identified by expert pathologists. All the clinical specimens were frozen in liquid nitrogen after surgical resection for further experiments. The clinicopathological characteristics of patients are listed in [Table 1](#T0001){ref-type="table"}. Overall survival was defined as the time interval between the date of diagnosis and the date of death or last follow-up. This study was approved by the Ethics Committee of Taihe Hospital Affiliated to Hubei University of Medicine. This study was conducted in accordance with the Declaration of Helsinki. All the patients gave their written informed consent.Table 1Relationship between miR-410-3p expression and clinicopathological characteristics of glioma patientsParametersNo. of casesmiR-410-3p expression*P*-valueHigh (n=21)Low (n=35)**Age**0.408 \<5028919 ≥50281216**Gender**0.446 Male25817 Female311318**Tumor size (cm)**0.019 \<5261412 ≥530723**KPS**0.026 \<8032824 ≥80241311**WHO grade**0.002 I1055 II1192 III16313 IV19415[^1]

Cell culture {#S0002-S2002}
------------

Normal human gliocyte HEB cells and four glioma cell lines (U87MG, SF126, LN229, and U251MG) were purchased from Shanghai Cell Bank, Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RIPM1640 medium supplemented with 10% fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO, USA). Cells were maintained in a 5% CO~2~ humidified atmosphere at 37°C.

Cell transfection {#S0002-S2003}
-----------------

Oligonucleotides for miR-410-3p mimics and miR-410-3p inhibitor were designed and purchased from GenePharma (Shanghai, China). The sequences of miR-410-3p mimics and miR-410-3p inhibitor were listed as followed: miR-410-3p mimics, 5ʹ-AAUAUAACACAGAUGGCCUGU-3ʹ; miR-410-3p inhibitor, 5ʹ-ACAGGCCAUCUGUGUUAUAUU-3ʹ. Cells were transfected with miR-410-3p mimics or miR-410-3p inhibitor using Lipofectamine (Invitrogen; Carlsbad, CA, USA) at a final concentration of 100 nM according to the manufacturer's instructions. Cells were harvested at 48 hours post-transfection, and transfection efficiency was determined using PCR analysis.

Quantitative real time PCR (qRT-PCR) {#S0002-S2004}
------------------------------------

Total RNA was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA) and reversely transcribed according to the manufacturer's protocol. A Taqman MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) was used for the reverse transcription of miR-410-3p. A Taqman High-Capability cDNA Reverse Transcription Kit (Applied Biosystems) was used for the reverse transcription of RAP1A. The cDNA was used to analyze miR-410-3p and RAP1A expression. Real-time PCR analysis was conducted using a SYBR Premix Ex Taq Kit (Roche, Indianapolis, IN, USA) on the Applied Biosystems 7500 Real-time PCR system. The sequences of the specific primers were synthesized by GenePharma and listed as followed: RAP1A, forward 5ʹ-TGCCGAGAGGGAAATAAATG-3ʹ and reverse 5ʹ-GTCAAAGCCTCCAGCTGTTC-3ʹ; GAPDH, forward 5ʹ-AGAAGGCTGGGGCTCATTTG-3ʹ and reverse 5ʹ-AGGGGCCATCCACAGTCTTC-3ʹ; miR-410-3p, forward 5ʹ-GTCAGCGCAATATAACACAG-3ʹ and reverse 5ʹ-GAGAACAGCTCTGTGTTATAT-3ʹ; and U6, forward 5ʹ-CTCGCTTCGGCAGCACA-3ʹ and reverse 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. The relative expression levels of miR-410-3p and RAP1A were calculated using the 2^−△△Ct^ method. U6 and GAPDH were used as an endogenous control to normalize the expression of miR-410-3p and RAP1A, respectively. All the experiments were carried out in triplicate.

Cell proliferation assays {#S0002-S2005}
-------------------------

A cell proliferation kit (MTT; Roche) was used to examine glioma cell proliferation in accordance with the manufacturer's instructions. Human glioma cells were seeded into each well of 96-well culture plates at a density of 2×10^3^ and allowed to grow for 24 hours. Glioma cells were incubated for different periods of time (0, 24, 48, or 72 hours) at 37°C, the medium was then removed and incubated with MTT solution for another 4 hours at 37°C. Then the cells were treated with dimethyl sulfoxide (DMSO, Sigma-Aldrich). Absorbance at 570 nm was examined using a microplate reader (Thermo Fisher Scientific, Grand Island, NY, USA).

Cell apoptosis assays {#S0002-S2006}
---------------------

An Annexin-V-FITC/PI Apoptosis Detection Kit (BD Bioscience, CA, USA) was used to evaluate cell apoptosis. Annexin-V and PI staining were carried out in accordance with the manufacturer's instructions. In brief, 1×10^4^ cells in 100 μl binding buffer were incubated with FITC Annexin V and 5 μLPI for 20 minutes at room temperature. Then stained cells were determined using flow cytometry (Becton Dickinson, San Jose, CA, USA).

Wound healing assays {#S0002-S2007}
--------------------

The migration capabilities of glioma cells were evaluated using wound healing assays as previously described. Briefly, glioma cells from different groups were seeded into each well of 24-well plates at a density of 1×10^4^ and allowed to grow until reaching confluency. Then the monolayer of glioma cells were manually scratched using a micropipette tip to generate a wound. Subsequently, the cells were allowed to grow for another 12 hours. Closure of scratch was monitored and photographed under an inverted microscope (Olympus IX50, Tokyo, Japan). All the experiments were conducted in triplicate.

Transwell invasion assays {#S0002-S2008}
-------------------------

The invasion capabilities of glioma cells were detected using Transwell invasion assays as previously described. In brief, glioma cells from different groups at a density of 1×10^5^ cells were seeded into the upper chamber of the inserted pre-coated with Matrigel (Sigma-Aldrich) and allowed to invade for 48 hours. The medium in the upper chamber did not contain fetal bovine serum, whereas the lower chamber was filled with complete medium supplemented with 10% fetal bovine serum. Then the invaded cells were fixed using 4% polyformaldehyde and stained using crystal violet (Sigma-Aldrich) for 10 minutes. Finally, stained glioma cells in five randomly chosen fields were counted under an inverted microscope (Olympus IX50). All the experiments were conducted in triplicate.

Western blotting analysis {#S0002-S2009}
-------------------------

Total proteins were extracted using RIPA buffer containing protease inhibitor cocktail (Roche, Basel, Switzerland). The concentrations of extracted proteins were determined using BCA Protein Quantification Kit (Beyotime, Shanghai, China). A total of 20 μg protein from each treatment was separated using 10% SDS-polyacrylamide gel electrophoresis (PAGE) and then transferred onto the polyvinylidene fluoride (PVDF) membranes. Then the membranes were incubated with primary antibodies against RAP1A, MMP9, vimentin, and GAPDH overnight at 4°C. Anti-RAP1A (ab115776), anti-MMP9 (ab58803), anti-vimentin (ab137321), and anti-GAPDH (ab181603) were purchased from Abcam (Cambridge, MA, USA) and used at the following dilutions: anti-RAP1A (1:500), anti-MMP9 (1:500), anti-vimentin (1:500), and anti-GAPDH (1:1,000). After being incubated with horseradish peroxidase-labeled secondary antibody at 37°C for 1 hour, the blots were developed using the enhanced chemiluminescence detection system (Amersham, Buckinghamshire, UK),and the blots were quantified using Image J software (NIH, Bethesda, MD, USA).

Luciferase reporter assays {#S0002-S2010}
--------------------------

The 3ʹUTR fragments of wild-type RAP1A containing the predicted binding site of miR-410-3p were amplified from a human cDNA library. The 3ʹUTR fragments of the wild-type or mutant RAP1A were inserted into the pmirGLO reporter vectors (Promega, Madison, WI, USA). The relative luciferase activity was determined using a luminescence reporter system (Promega) based on the manufacturer's protocols at 48 hours post-transfection. Here, firefly luciferase activity functioned as an internal control to normalize the Renilla luciferase activity.

Transplantation tumor models in nude mice {#S0002-S2011}
-----------------------------------------

BALB/c nude mice aged 5--6 weeks were purchased from Beijing HFK Bioscience Co. Ltd (Beijing, China). For tumor xenograft experiment in vivo, lentivirus-mediated stably transfected U251MG cells were established and used. In brief, murine xenograft models were established by subcutaneous injection of miR-410-3p mimics-treated-U251MG cells in the flank regions. The length (mm) and width (mm) of tumors were examined using a slide caliper every 5 days. At day 35 post-inoculation, all the animals were sacrificed, and the tumor nodules were surgically removed and weighed. Tumor size was calculated based on the following formula: tumor size (mm^3^)=length (mm)×width (mm)^2^/2. Animal experiments were approved by the Animal Care and Use Committee of Taihe Hospital Affiliated to Hubei University of Medicine, and performed in accordance with the guidelines of the Animal Welfare Committee of Hubei University of Medicine.

Immunohistochemistry (IHC) {#S0002-S2012}
--------------------------

IHC staining was conducted as previously described. In brief, paraffin-embedded sections were deparaffinized in xylene solution and rehydrated through gradient ethanol concentrations. Then, slides were subjected to antigen retrieval with citrate buffer. After being blocked with 3% hydrogen peroxide for 30 minutes, slides were then incubated with corresponding primary antibody at 4°C overnight. Subsequently, sections were incubated with streptavidin-horseradish peroxidase for 20 minutes. Finally, 3,3ʹ-diaminobenzidine (DAB) was used to visualize the stained cells. The positively stained cells were observed under a light microscope (Olympus).

Terminal deoxynucleotidyl transferase-mediated nick end labeling (TUNEL) {#S0002-S2013}
------------------------------------------------------------------------

Apoptotic cells were detected by TUNEL staining using the In Situ Cell Death Detection Kit (Roche) according to the manufacturer's protocol. In brief, paraffin-embedded sections were deparaffinized and rehydrated for TUNEL staining. Then tissue sections were incubated with 50 μL TUNEL reaction mixture at 37°C in the dark for 1 hour, followed by being labeled with dTd labeling reaction mixture. Finally, a fluorescence microscope (Thermo Fisher, Waltham, MA, USA) was used to observe TUNEL-positive cells.

Statistical analysis {#S0002-S2014}
--------------------

Data were expressed as mean±standard deviation (SD) from at least three independent experiments. SPSS 22.0 software (IBM, Chicago, IL, USA) was used to conduct statistical analysis. Differences between two groups were analyzed by Student's *t*-test. Differences among three or more groups were compared using One-way analysis of variance (ANOVA). Survival analysis was performed using the log-rank test and Kaplan-Meier method. The correlation between miR-410-3p expression and clinicopathological characteristics was analyzed by Fisher's exact test. The relationship between miR-410-3p expression and RAP1A mRNA expression in glioma tissues was evaluated by Pearson's correlation analysis. A two-tailed *P*-value\<0.05 was considered as statistically significant.

Results {#S0003}
=======

Decreased expression of miR-410-3p predicts poor prognosis in glioma patients {#S0003-S2001}
-----------------------------------------------------------------------------

Even though previous studies have identified miR-410-3p as a tumor suppressor in human breast cancer and pancreatic ductal adenocarcinoma, its biological role in glioma is still unclear. To investigate the role of miR-410-3p, we firstly carried out qRT-PCR analysis to determine its expression patterns in glioma tissues and normal non-neoplastic brain tissues. As shown in [Figure 1A](#F0001){ref-type="fig"}, miR-410-3p was significantly down-regulated in glioma tissues compared with normal brain tissues. To analyze the correlation between miR-410-3p expression and clinicopathological characteristics of glioma patients, tumor tissues were divided into low miR-410-3p expression group and high miR-410-3p expression group according to the average value of its expression levels. Fisher's exact test unveiled that decreased expression of miR-410-3p was associated with larger tumor size, lower KPS score, and higher WHO grade ([Table 1](#T0001){ref-type="table"}). Kaplan-Meier analysis and log-rank test demonstrated that glioma patients with low miR-410-3p expression had a shorter survival than those with high miR-410-3p expression ([Figure 1B](#F0001){ref-type="fig"}). In addition, we found that miR-410-3p was markedly down-regulated in glioma cell lines (U87MG, SF126, LN229, and U251MG) compared with normal human gliocyte HEB cells ([Figure 1C](#F0001){ref-type="fig"}). These results indicate that decreased expression of miR-410-3p correlates with poor prognosis of glioma patients.Figure 1Decreased expression of miR-410-3p predicts poor prognosis in glioma patients. (**A**) Relative expression levels of miR-410-3p in glioma tissues and normal non-neoplastic brain tissues were examined by qRT-PCR analysis. (**B**) Tumorous tissues were divided into high miR-410-3p expression group and low miR-410-3p expression group based on the average value of its expression levels. The log-rank test and Kaplan-Meier survival analysis were performed to evaluate the relationshiop between miR-410-3p expression and overall survival of glioma patients. (**C**) Relative expression levels of miR-410-3p in normal human gliocyte HEB cells and four glioma cell lines (U87MG, SF126, LN229, and U251MG) were examined by qRT-PCR analysis. \*\**P*\<0.01.**Abbreviations:** qRT-PCR, quantitative real-time polymerase chain reaction.

MiR-410-3p inhibits glioma cell proliferation and accelerates apoptosis {#S0003-S2002}
-----------------------------------------------------------------------

To explore the biological functions of miR-410-3p during glioma development and progression, we transfected glioma cells with miR-410-3p mimics or miR-410-3p inhibitor to manipulate its expression. Over-expression and knockdown studies were performed in U251MG cells (lowest endogenous miR-410-3p expression) and U87MG cells (highest endogenous miR-410-3p expression), respectively. We evaluated the transfection efficiency via qRT-PCR analysis ([Figure 2A](#F0002){ref-type="fig"}). As evident from MTT assays, miR-410-3p over-expression significantly inhibited U251MG cell proliferation compared with the negative control group, whereas miR-410-3p depletion notably promoted U87MG cell proliferation ([Figure 2B](#F0002){ref-type="fig"}). As demonstrated in [Figure 2C](#F0002){ref-type="fig"}, a significant increase in apoptosis was observed in miR-410-3p mimics-treated U251MG cells compared with the negative control group, whereas a notable decrease in apoptosis was found in miR-410-3p inhibitor-treated U87MG cells. These data indicate that miR-410-3p inhibits glioma cell proliferation and accelerates apoptosis.Figure 2MiR-410-3p inhibits glioma cell proliferation and accelerates apoptosis. (**A**) Transfection efficiency was evaluated by qRT-PCR analysis. (**B**) Cell proliferation was determined by MTT assays after transfection of miR-410-3p mimics or miR-410-3p inhibitor. (**C**) Cell apoptosis was assessed by FCM analysis after transfection of miR-410-3p mimics or miR-410-3p inhibitor. \*\**P*\<0.01.**Abbreviations:** FCM, flow cytometry; NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction.

MiR-410-3p suppresses glioma cell migration and invasion {#S0003-S2003}
--------------------------------------------------------

It is well documented that cell migration and invasion are critical events during tumor progression. To determine whether miR-410-3p affects the motility of glioma cells, we subsequently evaluated their migration and invasion capabilities. Wound healing assays showed that miR-410-3p over-expression significantly suppressed U251MG cell migration compared with the negative control group, whereas miR-410-3p ablation dramatically facilitated U87MG cell migration ([Figure 3A](#F0003){ref-type="fig"}). As evident from Transwell invasion assays, miR-410-3p over-expression significantly weakened the invasion capability of U251MG cells compared with negative control treatment, whereas miR-410-3p ablation markedly enhanced the invasion capability of U87MG cells ([Figure 3B](#F0003){ref-type="fig"}). In addition, lower protein expression levels of MMP9 and vimentin were observed in the miR-410-3p over-expression group compared with the negative control group, whereas miR-410-3p ablation significantly promoted the protein expression of MMP9 and vimentin ([Figure 3C](#F0003){ref-type="fig"}). These data indicate that miR-410-3p suppresses glioma cell migration and invasion.Figure 3MiR-410-3p suppresses glioma cell migration and invasion. (**A**) Migration capability was analyzed by wound healing assays after transfection of miR-410-3p mimics in U251MG cells or miR-410-3p inhibitor in U87MG cells. (**B**) Invasion abiltiy was detected via Transwell invasion assays after transfection of miR-410-3p mimics in U251MG cells or miR-410-3p inhibitor in U87MG cells. (**C**) The expression levels of motility-associated proteins (MMP9 and vimentin) were examined by Western blotting analysis after transfection of miR-410-3p mimics in U251MG cells or miR-410-3p inhibitor in U87MG cells. \*\**P*\<0.01.**Abbreviations:** MMP9, matrix metalloproteinase 9; NC, negative control.

RAP1A is a direct target of miR-410-3p {#S0003-S2004}
--------------------------------------

To elucidate the potential molecular mechanism underlying glioma tumorigenesis, we conducted bio-informatics analysis using TargetScan online software. Among all the putative targets, RAP1A drew our attention for its crucial roles in various cancers, and was selected as a candidate target of miR-410-3p ([Figure 4A](#F0004){ref-type="fig"}). To validate whether miR-410-3p could bind to 3ʹUTR of RAP1A mRNA, luciferase reporter assays were performed. As exhibited in [Figure 4B](#F0004){ref-type="fig"}, transfection of miR-410-3p mimics significantly reduced the luciferase activity of the reporter vectors carrying wild-type RAP1A 3ʹUTR fragments, whereas transfection of miR-410-3p did not elicit significant alterations in the luciferase activity of the reporter vectors carrying mutant RAP1A mRNA 3ʹUTR fragments. Furthermore, miR-410-3p over-expression was observed to decrease the mRNA and protein expression levels of RAP1A compared with negative control group, whereas miR-410-3p depletion increased the mRNA and protein expression levels of RAP1A ([Figures 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). As evident from IHC staining, glioma tissues displayed higher RAP1A expression than adjacent non-cancerous tissues ([Figure 4E](#F0004){ref-type="fig"}). Interestingly, Pearson's correlation analysis revealed that miR-410-3p expression was negatively correlated with RAP1A mRNA expression in the tumorous tissues ([Figure 4F](#F0004){ref-type="fig"}). Taken together, our results suggest that miR-410-3p negatively regulates RAP1A expression by directly targeting its mRNA 3ʹUTR.Figure 4RAP1 is a direct target of miR-410-3p. (**A**) A putative binding site of miR-410-3p in the 3ʹUTR of RAP1A mRNA was predicted by TargetScan online software. (**B**) Luciferase activity of the reporter vectors carrying wild-type or mutant RAP1A 3ʹUTR fragment was determined after transfection of NC mimics or miR-410-3p mimics. (**C**) RAP1A mRNA expression was examined by qRT-PCR analysis after transfection of miR-410-3p mimics in U251MG cells or miR-410-3p inhibitor in U87MG cells. (**D**) RAP1A protein expression was determined by Western blotting analysis after transfection of miR-410-3p mimics in U251MG cells or miR-410-3p inhibitor in U87MG cells. (**E**) IHC staining was performed to visualize RAP1A protein expression in glioma tissues and matched pericarcinomatous tissues. (**F**) Pearson's correlation analysis was carried out to determine the correlation between miR-410-3p expression and RAP1A mRNA expression in the tumorous tissues. \*\**P*\<0.01.**Abbreviations:** 3ʹUTR, 3ʹ untranslated region; IHC, immunohistochemistry; mut, mutant; NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction; RAP1A, Ras-related protein 1A; wt, wild-type.

Rescue of RAP1A expression reverses the tumor-suppressing effects of miR-410-3p over-expression in glioma cells {#S0003-S2005}
---------------------------------------------------------------------------------------------------------------

To verify the functional link between miR-410-3p and RAP1A, we rescued the expression of RAP1A in the U251MG cells over-expressing miR-410-3p ([Figure 5A](#F0005){ref-type="fig"}). As displayed in [Figures 5B](#F0005){ref-type="fig"}--[D](#F0005){ref-type="fig"}, rescue of RAP1A expression accelerated proliferation, migration, and invasion of miR-410-3p mimics-treated U251MG cells, suggesting that miR-410-3p-dependent inhibition of proliferation, migration, and invasion was mediated by RAP1A. Additionally, Western blotting analysis demonstrated that rescue of RAP1A alleviated the suppressing effects of miR-410-3p over-expression on MMP9 and vimentin protein expression ([Figure 5E](#F0005){ref-type="fig"}). These findings indicate that miR-410-3p executes its inhibitory effects on glioma proliferation, migration, and invasion through targeting RAP1A.Figure 5Rescue of RAP1A expression reverses the tumor-suppressing effects of miR-410-3p over-expression in glioma cells. (**A**) RAP1A protein expression was determined by Western blotting analysis after rescue of its expression in miR-410-3p mimics-treated U251MG cells. (**B**) Cell proliferation was evaluated by MTT assays after rescue of RAP1A expression in miR-410-3p mimics-treated U251MG cells. (**C**) Migration was assessed by wound healing assays after rescue of RAP1A expression in miR-410-3p mimics-treated U251MG cells. (**D**) Invasion was determined by transwell invasion assays after rescue of RAP1A expression in miR-410-3p mimics-treated U251MG cells. (**E**) The expression levels of motility-associated proteins (MMP9 and vimentin) are examined by Western blotting analysis after rescue of RAP1A expression in miR-410-3p mimics-treated U251MG cells. \*\**P*\<0.01 vs NC mimics group, ^\#\#^*P*\<0.01 vs miR-410-3p mimics group.**Abbreviations:** MMP9, matrix metalloproteinase 9; NC, negative control.

MiR-410-3p over-expression represses tumor growth in mouse xenograft models {#S0003-S2006}
---------------------------------------------------------------------------

To validate the findings obtained from in vitro studies, we established mouse xenograft tumor models via subcutaneous injection of NC mimics- or miR-410-3p mimics-treated U251MG cells. As shown in [Figure 6A](#F0006){ref-type="fig"}, tumors formed by miR-410-3p mimics-treated U251MG cells grow much slower than those formed by NC mimics-treated glioma cells ([Figure 6A](#F0006){ref-type="fig"}). Furthermore, tumors collected from the over-expression group weighed significantly lighter than those harvested from the negative control group. IHC staining demonstrated that miR-410-3p over-expression inhibited Ki67 and MMP9 protein expression in the tumors compared with the negative control group ([Figure 6B](#F0006){ref-type="fig"}). In addition, TUNEL analysis revealed that more apoptotic cells were observed in the tumors collected from the over-expression group compared with those from the negative control group ([Figure 6C](#F0006){ref-type="fig"}). Taken together, these results suggest that miR-410-3p over-expression represses tumor growth in vivo.Figure 6MiR-410-3p over-expression tumor growth in mouse xenograft models. (**A**) Lentivirus-mediated stably transfected U251MG cells were established and used for tumor transplantation models. miR-410-3p mimics-treated U251MG cells were subcutaneously injected into the flanks of the nude mice (n=5). Tumor volumes were measured every 5 days; at day 35 post-implantation, all the mice were sacrificed under anesthesia and tumors were weighed. (**B**) Ki67 and MMP9 protein expression in the collected tumors was visualized by IHC staining. (**C**) Cell apoptosis in the collected tumors was detected by TUNEL analysis. \*\**P*\<0.01.**Abbreviations:** IHC, immunohistochemistry; MMP, matrix metalloproteinase 9; NC, negative control; TUNEL, terminal deoxynucleotidyl transferase-mediated nick end labeling.

Discussion {#S0004}
==========

Accumulating evidence has demonstrated the crucial roles of miRNAs in the carcinogenesis and tumor progression of various types of human malignancies.[@CIT0013]--[@CIT0016] Numerous studies unveiled that the ectopic expression of miRNAs was implicated in gliomagenesis and tumor progression.[@CIT0027]--[@CIT0029] Glioma, one of the most frequently diagnosed human malignant tumors, has already posed serious threats to public health worldwide.[@CIT0030] Although considerable and encouraging progress has been made in the diagnosis and treatment of glioma, the therapeutic effects remain unfavorable. Hence, there is a pressing need to identify novel prognostic bio-markers and develop effective therapeutic strategies for glioma treatment.

Previous studies revealed that miR-410-3p was dysregulated in human breast cancer and pancreatic ductal adenocarcinoma. Zhang et al[@CIT0017] demonstrated that miR-410-3p was significantly down-regulated in breast cancer tissue samples and suppressed tumor progression via targeting snail. Xiong et al[@CIT0018] reported that miR-410-3p was markedly down-regulated in pancreatic ductal adenocarcinoma and attenuated chemotherapy resistance of cancer cells.Nonetheless, the biological role of miR-410-3p in glioma has not yet been characterized. In the present study, we found that miR-410-3p expression was significantly decreased in glioma tissues in comparison with normal brain tissues, which was consistent with the previous findings in breast cancer and pancreatic ductal adenocarcinoma. In addition, we noticed that decreased miR-410-3p expression was associated with the poor prognosis of glioma patients. Taken together, these data indicate a potential of miR-410-3p as a tumor suppressor in glioma progression.

To gain a better understanding of the biological role of miR-410-3p, we subsequently conducted functional investigations. Furthermore, functional studies demonstrated that miR-410-3p over-expression suppressed cell proliferation, migration, and invasion, and accelerated apoptosis; whereas miR-410-3p ablation promoted cell proliferation, migration, and invasion, and inhibited apoptosis. Interestingly, miR-410-3p over-expression was observed to repress tumor growth in mouse xenograft models. Collectively, these findings suggest that miR-410-3p possesses anti-tumor activity in vitro and in vivo.

To illuminate the potential molecular mechanism by which miR-410-3p exerts its tumor-suppressing functions in glioma, we then carried out bio-informatics analysis using TargetScan online software, and selected RAP1A as a candidate target. Additionally, RAP1A was validated as a direct target of miR-410-3p by the luciferase reporter assays. RAP1A belongs to the Ras family of small GTPases and serves as a pivotal molecular switch for signal transduction.[@CIT0031],[@CIT0032] It is widely documented that RAP1A play crucial roles in various biological processes, including cell proliferation, differentiation, adhesion, and motility.[@CIT0026],[@CIT0033] Furthermore, previous studies reported that RAP1A acted as an oncogene in diverse types of human tumors, including non-small cell lung cancer,[@CIT0024] esophageal squamous cell carcinoma,[@CIT0025] ovarian cancer,[@CIT0026] prostate cancer,[@CIT0034] and breast cancer.[@CIT0035]

To verify the functional relationship between miR-410-3p and RAP1A, we rescued the expression of RAP1A in glioma LM3 cells over-expressing miR-410-3p. Interestingly, rescue of RAP1A expression was observed to reverse the inhibitory effects of miR-410-3p over-expression on proliferation and motility. Taken together, these findings indicate that miR-410-3p functions as a tumor suppressor in glioma through directly targeting RAP1A.

In conclusion, the present study unveiled for the first time that miR-410-3p was significantly down-regulated in glioma tissues, and that decreased miR-410-3p expression was associated with poor prognosis of glioma patients. Furthermore, our data indicate that miR-410-3p exerts tumor-suppressing functions in glioma by directly targeting RAP1A. This study may provide some new insights into the molecular mechanisms underlying gliomagenesis and implicate miR-410-3p as a potential prognostic bio-marker and a novel therapeutic target for glioma.
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[^1]: **Abbreviations:** KPS, Karnofsky performance score; WHO, World Health Organization.
